Two novel acetic acid bacteria, strains G5-1 T and I5-1, were isolated from traditional kaki vinegar (produced from fruits of kaki, Diospyros kaki Thunb.), collected in Kumamoto Prefecture, Japan. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strains G5-1 T and I5-1 formed a distinct subline in the genus Gluconacetobacter and were closely related to Gluconacetobacter swingsii DST GL01 T (99.3 % 16S rRNA gene sequence similarity). The isolates showed 96-100 % DNA-DNA relatedness with each other, but ,53 % DNA-DNA relatedness with closely related members of the genus Gluconacetobacter. The isolates could be distinguished from closely related members of the genus Gluconacetobacter by not producing 2and 5-ketogluconic acids from glucose, producing cellulose, growing without acetic acid and with 30 % (w/v) D-glucose, and producing acid from sugars and alcohols. Furthermore, the genomic DNA G+C contents of strains G5-1 T and I5-1 were a little higher than those of their closest phylogenetic neighbours. On the basis of the phenotypic characteristics and phylogenetic position, strains G5-1 T and I5-1 are assigned to a novel species, for which the name Gluconacetobacter kakiaceti sp. nov. is proposed; the type strain is G5-1 T (5JCM 25156 T 5NRIC 0798 T 5LMG 26206 T ).
The distribution and the diversity of acetic acid bacteria have been frequently investigated using both culture-dependent and -independent approaches (Lisdiyanti et al., 2003; Prieto et al., 2007; Vegas et al., 2010; Yamada et al., 1999) . Acetic acid bacteria mainly inhabit vinegar, fruits and flowers. Since 2000, more than 40 species of acetic acid bacteria have been described for isolates mainly from south-east Asia and Europe (Sievers & Swings, 2005) .
In Japan, many kinds of vinegar are produced from various Japanese materials, such as rice, fruits and sake lees. During the study of bacterial flora of acetic acid bacteria in Japan, 64 strains were isolated from 30 kinds of Japanese vinegar, including black vinegar, brown rice vinegar, kaki vinegar and sake lees vinegar. Two strains were isolated from kaki vinegar, which is produced from fruits of kaki (Diospyros kaki Thunb.), but they could not be allocated to any species of the genus Gluconacetobacter based on 16S rRNA gene sequence analysis. The recognition of novel acetic acid bacteria is important to understanding the diversity of acetic acid bacteria and the development of vinegar production.
Samples of Kaki vinegar were collected on 9 September 2005 in Kumamoto Prefecture, Japan. Isolation of acetic acid bacteria used the media GYP (Suzuki et al., 2010) and EM1 (Lisdiyanti et al., 2003; Suzuki et al., 2010) . Serial decimal dilutions (10 21 to 10 210 ) of the samples were made with saline, 0.1 ml was spread on GYP and EM1 agar and plates were cultivated at 30 uC for 2 weeks. Visible colonies were picked and transferred to fresh GYP or EM1 agar. After subcultivation, pure cultures, designated G5-1 T and I5-1, were obtained. The isolates were maintained on GYP agar slants. The type strain of the type species and nine type strains of closely related species of the genus Gluconacetobacter were used as reference strains: Gluconacetobacter europaeus JCM 16935 T (Sievers et al., 1992; Yamada et al., 1997) , G. intermedius JCM 16936 T (Boesch et al., 1998; Yamada, 2000) , G. liquefaciens JCM 17840 T (De Ley & Frateur, 1974; Yamada et al., 1997) , G. nataicola JCM 25120 T (Lisdiyanti et al., 2006) , G. oboediens JCM 16937 T (Sokollek et al., 1998; Yamada, 2000) , G. rhaeticus JCM 17122 T (Dellaglio et al., 2005) , G. saccharivorans JCM 25121 T (Lisdiyanti et al., 2006) , G. sucrofermentans JCM 9730 T (Cleenwerck et al., 2010; Toyosaki et al., 1995) , G. swingsii JCM 17123 T (Dellaglio et al., 2005) and G. xylinus JCM 7644 T (Brown, 1886; Yamada, 1983; Yamada et al., 1997) . Phenotypic characterization was carried out by the methods described by Lisdiyanti et al. (2000 Lisdiyanti et al. ( , 2001 . The production of cellulose was confirmed by the method described by Navarro et al. (1999) .
Cells of strains G5-1 T and I5-1 were Gram-negative rods, approximately 1.1-1.361.8-2.1 mm in size and aerobic. Motility and spore formation were not observed under a phase-contrast microscope. Colonies of both strains were entire, smooth, cream and butyrous. Both strains grew on mannitol agar, but not on glutamate agar, and on Hoyer-Frateur (De Ley & Frateur, 1974) and Frateur-modified Hoyer media (De Ley et al., 1984) containing glucose or mannitol, but not on either medium containing ethanol.
Strains G5-1 T and I5-1 were catalase-positive and oxidasenegative, oxidized acetate and lactate, and weakly oxidized ethanol after 7 days. The isolates grew without acetic acid and with 0.35 % (v/v) acetic acid. They produced cellulose from glucose and dihydroxyacetone from glycerol and produced D-gluconic acid from glucose, but not 2ketogluconic, 5-ketogluconic or 2,5-diketogluconic acid. Strains G5-1 T and I5-1 grew at 15-30 u C, but not at 10 or 37 u C, and at pH 3.5-8.0, but not at pH 3.0 or 8.5. The isolates grew with 0-30 % (w/v) D-glucose, but not with 35 % (w/v) D-glucose. They grew with 0-7 % (v/v) ethanol and weakly grew with 10 % (v/v) ethanol, but they did not grow with 15 % (v/v) ethanol. Strains G5-1 T and I5-1 produced acid from L-arabinose, D-galactose, D-glucose, Dmannose, raffinose, ribose, sucrose, trehalose, D-xylose, ethanol, 1-propanol and 1-butanol, but not from fructose, lactose, maltose, D-sorbose, starch, dulcitol, glycerol, Dmannitol, D-sorbitol, methanol or 2-butanol. Acid production from seven sugars and alcohols was determined according to Lisdiyanti et al. (2006) for the ten reference strains as these characteristics had not been reported previously. G. intermedius JCM 16936 T , G. liquefaciens JCM 17840 T , G. oboediens JCM 16937 T , G. saccharivorans JCM 25121 T , G. sucrofermentans JCM 9730 T and G. swingsii JCM 17123 T produced acid from sucrose and/or 1-propanol. None of the reference strains produced acid from maltose, raffinose, D-mannitol, D-sorbitol or methanol.
For the determination of cellular fatty acid composition, strains G5-1 T and I5-1 and nine reference strains (not G. europaeus JCM 16935 T ) were cultivated on GYP agar for 2 days. G. europaeus JCM 16935 T was cultivated on RAE agar, as described by Sokollek & Hammes (1997) , for 2 days because no growth was observed on GYP agar. The major cellular fatty acid of the isolates was C 18 : 1 v7c (70.7-72.6 %), as determined by the MIDI Microbial Identification System version 6 (Agilent Technologies) and a method based on that described by Sasser (1990) (Table S1 , available in IJSEM Online). C 16 : 0 (9.4-9.5 %), C 14 : 0 2-OH (5.6-5.7 %) and C 16 : 0 2-OH (7.2-7.4 %) were also detected as minor components. The major cellular fatty acid of the reference strains was also C 18 : 1 v7c (58.4-75.2 %).
For the determination of the major quinone and the genomic DNA G+C content, strains G5-1 T and I5-1 were cultivated on GYP agar for 2 days. The major quinone was identified as ubiquinone Q-10 (90.8-91.1 %), determined by HPLC as described by Komagata & Suzuki (1987) . Ubiquinone Q-9 (6.6 %) was also detected as a minor component. The genomic DNA G+C contents of strains G5-1 T and I5-1 were 63.6 and 63.2 mol%, respectively, determined by HPLC as described by Tamaoka & Komagata (1984) .
The 16S rRNA gene was amplified using primers described previously (Iino et al., 2007) . Purified PCR products were sequenced directly using a Big Dye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems) and the following primers: U27F, U1492R, U520F (59-GT-GCCAGCAGCCGCGG-39), U920F (59-AAACTCAAAG-GAATTGAC-39), U520R (59-ACCGCGGCTGCTGGC-39) and U920R (59-GTCAATTCCTTTGAGTTT-39), according to the manufacturer's instructions. Almost-complete 16S rRNA gene sequences (1444 bases) were determined for strains G5-1 T and I5-1. After aligning the sequences obtained with those of related strains available in public databases using ARB software (Ludwig et al., 2004) , phylogenetic trees were constructed by the neighbour-joining method using CLUSTAL_X (Saitou & Nei, 1987; Thompson et al., 1997) and the maximum-likelihood method using MORPHY version 2.3b3 (Adachi & Hasegawa, 1995; Felsenstein, 1981; Hasegawa et al., 1985) . The phylogenetic analysis showed that strains G5-1 T and I5-1 belonged to the genus Gluconacetobacter in the family Acetobacteraceae and formed a distinct subline within the cluster comprising nine of the closely related reference strains (Fig. 1) . The topologies of the neighbour-joining and maximum-likelihood trees were almost identical. Strains G5-1 T and I5-1 exhibited 100 % 16S rRNA gene sequence similarity with each other, 99.0-99.3 % sequence similarity with eight closely related reference strains and ,98.5 % sequence similarity with the other members of the genus Gluconacetobacter.
DNA-DNA relatedness was determined by hybridization with photobiotin-labelled DNA probes (Ezaki et al., 1989) . Strains G5-1 T and I5-1 exhibited 96-100 % DNA-DNA relatedness with each other, but ,53 % DNA-DNA relatedness with the reference strains (Table S2 ).
Characteristics that differentiate strains G5-1 T and I5-1 from the reference strains are summarized in Table 1 .
Phenotypically, strains G5-1 T and I5-1 exhibited characteristics of the genus Gluconacetobacter, including production of acetic acid from ethanol, growth with 0.35 % (v/v) acetic acid, oxidation of acetate and lactate, no production of acid from dulcitol, mannitol or sorbitol, and Q-10 as the major ubiquinone. However, not all of the phenotypic and chemotaxonomic characteristics of strains G5-1 T and I5-1 corresponded with those of members of the genus Gluconacetobacter, such as growth without acetic acid, growth with 30 % (w/v) D-glucose, no production of 2-and 5ketogluconic acids from D-glucose, production of cellulose and production of acid from raffinose, sucrose and 1propanol. Furthermore, the genomic DNA G+C content of strains G5-1 T and I5-1 was a little higher than those of closely related species, except for G. rhaeticus. In addition, strains G5-1 T and I5-1 formed a distinct phylogenetic subline within the genus Gluconacetobacter according to the two methods of phylogenetic analysis. Strains G5-1 T and I5-1 could also be distinguished from the reference strains by DNA-DNA relatedness. Furthermore, the isolates can be separated from more distant members of the genus Gluconacetobacter on the basis of 16S rRNA gene sequence Fig. 1 . Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences (1310 bp), showing the relationships of strains G5-1 T and I5-1 and type strains of species of the genus Gluconacetobacter. Bootstrap values (.70 %) based on 1000 replications are shown at branch nodes for the neighbour-joining and maximum-likelihood algorithms, respectively. Filled circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-likelihood algorithm. -, Not determined. Bar, 0.002 substitutions per nucleotide position. Table 1 . Differential characteristics of strains G5-1 T and I5-1 and closely related members of the genus Gluconacetobacter Taxa: 1, Gluconacetobacter kakiaceti sp. nov. G5-1 T ; 2, Gluconacetobacter kakiaceti sp. nov. I5-1; 3, G. liquefaciens (Franke et al., 1999; Sievers & Swings, 2005) ; 4, G. europaeus (Sokollek et al., 1998; Lisdiyanti et al., 2006) ; 5, G. intermedius (Boesch et al., 1998) ; 6, G. nataicola (Lisdiyanti et al., 2006) ; 7, G. oboediens (Sokollek et al., 1998; Lisdiyanti et al., 2006) ; 8, G. rhaeticus (Dellaglio et al., 2005) ; 9, G. saccharivorans (Lisdiyanti et al., 2006) ; 10, G. sucrofermentans (Cleenwerck et al., 2010; Toyosaki et al., 1995) ; 11, G. swingsii (Dellaglio et al., 2005) ; 12, G. xylinus (Sievers et al., 1992; Lisdiyanti et al., 2006) . +, Positive; V, variable; 2, negative; ND, no data available. Produces cellulose from glucose and dihydroxyacetone from glycerol. Produces gluconic acid from D-glucose, but not 2-ketogluconic, 5-ketogluconic or 2,5-diketogluconic acid. Grows at 15-30 u C, but not at 10 or 37 u C, and at pH 3.5-8.0, but not at pH 3.0 or 8.5. Grows with 30 % (w/v) D-glucose and 7.0 % (w/v) ethanol and weakly grows with 10.0 % (w/v) ethanol. Grows without acetic acid and with 0.35 % (w/v) acetic acid. Acid is produced from L-arabinose, D-galactose, D-glucose, D-mannose, raffinose, D-ribose, sucrose, trehalose, Dxylose, ethanol, 1-propanol and 1-butanol, but not from D-fructose, lactose, maltose, D-sorbose, starch, dulcitol, glycerol, D-mannitol, D-sorbitol, methanol or 2-butanol. The major cellular fatty acid is C 18 : 1 v7c. The major isoprenoid quinone is Q-10. The genomic DNA G+C content is 63.2-63.6 mol% (HPLC).
The type strain is G5-1 T (5JCM 25156 T 5NRIC 0798 T 5 LMG 26206 T ), isolated from kaki vinegar collected in Kumamoto Prefecture, Japan, on 9 September 2005. Strain I5-1 (5JCM 251605NRIC 0799) is a reference strain.
